Two different genetic systems of incompatibility between pollen and style are known. One, heterogamety, depends upon the genotype of the individual pollen grain; the other, heterostyly, upon the genotype of its parent. We do not know whether the two types are physio logically related. The specificity of heterogamety indicates an immunity reaction. The effect of temperature on pollen-tube growth in the two systems was measured in order to discover their relationship.
Self-incompatibility in plants can be classified genetically according to whether the incompatibility reaction of the pollen is determined (1) by its gametic con stitution, or (2) by the constitution of the maternal tissue from which it arose. The gametic determination in its simplest and most common form is by a series of multiple allelomorphs designated Sl5
Sk. Pollen grains cannot effect fertiliza tion in a flower which has a style carrying the same sterility allelomorph, so that self-fertilization is impossible (East & Mangelsdorf 1925) . Modifications of this type of determination are occasionally found, such as two sets of sterility allelo morphs in autotetraploids (Lawrence 1930) and in Abutilon (Sears 1937) .
Maternal determination of self-incompatibility is found commonly in species with distylic or tristylic flowers, and occasionally in homostyled plants. In distylic plants, one pair of genes T, t is concerned. The short-styled plant (thrum) [ 13 ]
is Tt and the long-styled plant (pin) is tt. Pollen from a thrum plant fails to effect , adequate fertilization on a thrum style, irrespective of whether the actual pollen grain is carrying T or t, but this pollen is fully effective on a pin style. Thus the behaviour of the pollen depends solely upon the genetic constitution of the mother plant from which it came, and not on its own genetic constitution. In some trimorphic heterostyled plants and in Capsella grandiflora two pairs of genes similar in their action to the T, t genes of the dimorphic plants are involved, one pair being epistatic to the other. Self-incompatibility, irrespective of the genetic determination, is due either to the inhibition of pollen-tube growth at some stage between germination and entry into the embryo-sac, or to inhibition of fertilization (Sears 1937) . The genetic specificity of this inhibition indicates that self-incompatibility is the result of a reac tion of the immunity type between the growing pollen tube and the stylar tissue.
Certain conditions are effective in breaking down self-incompatibility either completely or partially, as follows:
Bud pollination / Nicotiana (East 1923 ) End of flowering season pollination/ Petunia (Yasuda 1930) Mutilation of stigma Brassica oleracea (Kakizaki 1930 
) Keeping plant in the dark
Oenothera organensis (Emerson 1940) However, these effects are not common to all self-incompatible plants. Tem perature differences should have a similar effect on all self-incompatible plants in which the mechanism is an immunity reaction. To test this, the following series of measurements of pollen-tube growth were made.
. T e c h n i q u e
Pollinations in all species studied were made on flowers cut from the plant and kept in water. Before extensive experiments were made on any species, the effect on pollen-tube growth of cutting the flower from the plant was examined, and in no case was there a significant difference. The flowers were transferred, 30 min. before pollination, to incubators thermostatically controlled to ± 0-5° C. The styles were fixed in 3 parts absolute alcohol to 1 part glacial acetic acid. I am indebted to Miss I. Modibowska for assistance in the preparation and pollination of the styles.
The preparation of the style for examination varied according to the species. The treatment in Oenothera organensis was the same as that used by Emerson (1938) , i.e. slitting the cortex, pulling out the strand of conducting tissue and staining and mounting in cotton blue. For Primula obconica and P. sinensis the styles were cut on the freezing microtome at 20 thickness or longitudinally into two halves by hand. The sections were stained and mounted in a hot mixture of acid fuchsin and light green. The styles of Prunus avium were cut on the freezing microtome and stained in cotton blue.
Self-incompatibility in Oenothera organen is deter constitution of the pollen. Its inheritance is by a series of S allelomorphs similar to those first found in Nicotiana, and since found in the majority of self-sterile plants. The differentiation of pollen-tube growth of incompatible and compatible pollen at normal temperatures in the style is very marked. Incompatible pollen tubes stop growing after 1 hr. and do not usually grow more than 1-2 mm. Com patible pollen tubes have a uniform rate of growth and reach the ovary, 160-180 mm. below the stigma, in approximately 24 hr. (Emerson 1938 ). Emerson carried out his pollen-tube growth tests at 25° C, a temperature at which incom patible tubes are strongly inhibited.
The material used in the present study was obtained originally from Dr Emerson, and the sterility allelomorphs referred to are the same as those used by him.
The effect of temperature on compatible pollen-tube growth was studied in reciprocal crosses between an S2 S6 and an S3S6 plant. Measurements of the longest pollen tube in the style were made at 4| and 24 hr. after pollination (figure 1). The length of the longest tube was used as an estimate of pollen-tube growth, because this length is correlated with the mean length of the one class of tube. Furthermore, in the cross S2S6 x S3S6 there are two classes of tubes, incompatible and compatible, therefore the mean length of all pollen tubes in the style cannot be taken as an estimate of compatible tube growth.
The growth rate of compatible pollen tubes increases with an increase in temperature to a maximum at 30-33° C and then falls off rapidly as the lethal temperature is approached. This kind of growth-temperature curve is similar to that in the self-fertile Datura Stramonium (Buchholz & Blakeslee 1927) . In both compatible pollinations in a self-sterile plant and all pollinations in a selffertile plant, the effect of temperature is typical of that for most biological growth rates and is simply the result of increased absorption and metabolism at higher temperatures.
Incompatible pollen-tube growth at different temperatures was studied in selfpollinations and in crosses between genetically different plants with the same sterility allelomorphs. The results are given in tables 1 and 2 and summarized in figures 1 and 2. Instead of the pollen-tube growth rate increasing with increasing temperature, there is a decrease in the pollen-tube growth rate at higher tempera tures. The maximum pollen-tube growth is at 15° C, and at this temperature the growth for the first 4| hr. is as good as that of compatible tubes. At 20° C there is in general a slower rate of growth than at 15° C, but some plants show a very much greater retardation of pollen-tube growth than others. Pollen tubes in all plants at 25 and 30° C are very strongly inhibited after 1-2 mm. growth.
The growth curves show that the effect of high temperature is to decrease the growth rate during the whole period of growth, rather than to bring about com plete inhibition earlier (figure 2). This agrees with the conclusions of Emerson (I94°), based on style grafting experiments, that there is no particular inhibitory zone in the style or inhibitory substance which diffuses up the style from the ovary, as claimed in Petunia by Yasuda (1934) . Thus if there were an inhibitory zone, the tubes would grow more rapidly at higher temperatures until they reached this zone and they would then cease to grow. Similarly, if inhibitory substances diffused up from the ovary after the flower opened, until these substances reached the pollen tubes there would be a period of more rapid growth at high temperatures, although the onset of inhibition may take place earlier owing to the more rapid diffusion of the substances. Further evidence on this point was obtained by keeping flowers at different temperatures for 12 hr. just before pollination. Flowers of 217 (S4S6) were kept at 15 and 25° C for 12 hr., self-pollinated and placed in 15, 20 and 25° C. There was no effect of the pre-treatment on pollen-tube growth. If the incompatibility is due to a substance which diffuses up the style, the temperature before pollination should have an effect.
In some strains of Oenothera organensis the incompatibility reaction is so strong that even at low temperatures the pollen tubes are inhibited (figure 1). This is best shown by the great difference between plant l 1 and all the other plants tested. Plant l 1 has such a strong incompatibility reaction that it never has self-pollen tubes longer than 1-2 mm. at any temperature; it is therefore temperature in sensitive. Plant l 2, on the other hand, has pollen tubes no longer than those of l 1 at 25° C, but at 15° C has tubes 12 mm. long after 4| hr.; it is therefore perature sensitive. Plant l 1 and l 2 are both S2S6. The ability of the self-pollen tubes to grow at low temperatures is therefore not due to a gene at the S locus. The progeny of crosses between plants with long self-pollen tubes at 15° C (temperature sensitive) and plant l 1 (temperature insensitive) were tested for their self-incompatibility allelomorphs and their sensitivity to low temperature (table 3) . The two types were easily distinguished; the temperature insensitive (Mm) had tubes 1-2 mm. long, while the temperature sensitive had tubes 8-12 mm. long. Two plants which were doubtful, with 4 mm. growth, were not included. Plants
The physiology of incompatibility in plants segregated for temperature sensitivity in about equal numbers, and there was a slight indication of linkage between the incompatibility S locus and the sen sitivity-modifying gene m. It seems therefore that the modifying effect is mainly due to a single-gene difference. In Nicotiana the situation seems to be different. East (1934) considered that the strength of incompatibility varied mainly between different S allelomorphs. Some determined fertility with selfing in the bud stage and others did not. Emerson (1940) found some plants with greater variability of self-pollen-tube growth than others. It now seems that these differences in variability are due to differences in the temperature sensitivity, as shown above.* A plant similar to l1 being unaffected by temperature will always give extremely uniform pollen-tube growth, while a plant such as l 2 gives variable results unless the environment is rigidly controlled. Pollen-tube growth of reciprocal pollinations between l 2 (S2S6mm l 1 (S2S6Mm) were studied to determine how the modifying gene M works. Must it be in the pollen, in the styles or in both? The results in table 4 show that it is only necessary for the pollen parent to carry the modifying gene. Furthermore, its action depends upon the constitution of the maternal tissue from which the pollen came, and not on the gametic constitution of the pollen, since two kinds of tubes in a style were not found.
P r u n u s a v i u m
All varieties of the sweet cherry, Prunus avium, are self-incompatible, and their incompatibility is due to a series of multiple allelomorphs like those of Oenothera organensis (Crane & Lawrence 1931; Crane & Brown 1937 )-Also as in Oenothera, incompatibility in the cherry is a very rigorous mechanism; approximately one fruit sets for every thousand flowers pollinated. Furthermore, incompatibility is due to the inhibition of pollen tubes half-way down the style (Roy 1939)-* Emerson ( 1938) states that, in his experim ents, the flowers were kept in a m oht chamber at 25° C, but elsewhere in the same paper he states that the temperature ranged fiom -0 27° C.
mean
Compatible pollen-tube growth at different temperatures was studied in the cross Guigne d'Annonay x Bedford Prolific (figure 3). Just as in Oe. organensis, the growth rate increased as the temperature increased until the lethal point was reached. However, the optimum temperature for pollen-tube growth is 25° C in Prunus as compared with 33° C in Oenothera. This difference shows that natural selection has been acting on the pollen tubes. Prunus avium, occupying temperate regions and flowering in the spring, would be accustomed to temperatures ranging from 5 to 20° C, while Oenothera, growing in the hot regions of Arizona, is subjected to much higher temperatures.
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. Length of pollen tubes at different temperatures in Prunus avium (-------compatible cross-pollination, •--------incompatible self-pollination). F igure 4. Pollen-tube growth in varying concentrations of sugar solution at different temperatures in Prunus avium.
Pollen of Bedford Prolific was germinated in hanging drops of sugar solution of different concentrations and at different temperatures. The results of pollen-tube measurements under these conditions, which are given in figure 4, give some in formation oi* the difference in the optimum temperature found between species. In 10 and 15 % sugar solution the optimum temperature for growth is 30° C, but in 20 % sugar the optimum is 20° C. In the style the optimum temperature is 25° C. Thus by a decrease in effective osmotic pressure of the style the optimum temperature can be raised.
Incompatible pollen-tube growth of Bedford Prolific selfed at different tem peratures shows a maximum growth at 15° C and a rapid fall in growth rate at higher temperatures ( figure 3 and table 5 ). This again agrees with the Oenothera results. At temperatures below 15° C the growth rate is approximately the same as that of the compatible tubes.
hours after pollination The temperature-growth curve of the incompatible tubes thus seems to be the result of two opposing actions, (a) the increase in growth rate due to increased metabolism and absorption at higher temperatures, which is the predominant effect below 15° C, and (6) the increase in the rate of the incompatibility reaction at higher temperatures, which is predominant above 15° C. The corresponding curve in Oe. organensis does not include temperatures below 12° C, «onsequently only the second effect is apparent.
T a b l e 5 . M e a n p o l l e n -t u b e g r o w t h i n P r u n u s a v i u m v a r . B e d f o r d P r o l i f i c SELFED AT D IF FE R E N T TEM PERATURES. T H E FIGURES IN BRACKETS INDICATE THE N UM BER OF FLOW
The growth curves of incompatible pollen tubes over different periods of time after pollination fall into three groups : (figure 5) (a) the 5, 10, and 15° C, (b) the 20 and 25° C, and (c) the 30 and 35° C curves. The lower temperature curves (group a) show a slow but fairly constant rate of growth up to at least 72 hr. The second group (6) curves also show a similar growth rate during the first 24 hr., but very little growth takes place after this time. The higher temperature curves (group c) show very little growth during the first 24 hr. and little after this time. Thus the incompatible tubes, unlike those in Oenothera, have a period of steady growth and then are arrested at some point in the style.
The sudden arrest of growth has been found in other self-sterile plants and has usually been interpreted as due to the presence of a localized zone in the style which is a block to pollen-tube growth. In Prunus avium the position of arrest can be changed by altering the temperature. Thus at a medium temperature the tubes cease growing about half-way down the style; at low temperatures about three-quarters down, and at high temperatures already in the stigmatic lobe. Therefore instead of there being a zone of inhibition, it is probable that there is a mutual reaction between the pollen tube and the whole of the stylar tissue, as in Oenothera. The sudden arrest of growth is then due to the accumulation of the effect of the incompatibility reaction to a value beyond which growth stops.
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P r i m u l a o b c o n i c a
Self-sterility in the plants so far described is due to a reaction between pollen and style, the reaction of the pollen being determined by its gametic constitution. Primula obconica is a distylic plant, and as in most distylic plants the reaction of the pollen is not determined by its gametic constitution, but by the constitution of the maternal tissue from which it arose. The two types of flowers are pin (long style, short anthers) and thrum (short style, long anthers). Illegitimate matings, i.e. pin x pin or thrum x thrum, are almost completely sterile. This high degree of sterility has made it difficult to determine the inheritance of distyly; however, in all other species examined thrum is dominant to pin and there is no reason to believe that the same is not true in P. obconica.
The results of pollen-tube growth measurements are given in table 6 and figure 6. Pollen-tube growth of legitimate, i.e. compatible matings, increases with increasing temperature to the optimum, which is 30° C, and then falls rapidly to 35° C.
Pollen-tube growth of illegitimate, i.e. incompatible, matings is not only very much slower than that of legitimate matings but has an optimum temperature at 20° C. Thus the degree of pollen-tube growth of the two types of matings and the effect of temperature (figure 10, plate 1) are similar to those in Oenothera and Prunus.
High temperature might increase the inhibition of illegitimate pollen tubes by directly accelerating the reaction between pollen tube and style, or by increasing the amount of an inhibitory substance in the style prior to any reaction. To test this, flowers were kept at different temperatures before pollination. After pollination the flowers were kept at 20° C, the optimum temperature for illegitimate pollentube growth. Table 7 gives the results. Although slight differences occur between the pretreatments, probably due to secondary effects such as differential develop ment of the flower, it is clear that there is no effect comparable with the effect of D. Lewis   T a b l e 6 . P r i m u l a o b c o n i c a , m a x i m u m s e l e e d p o l l e n -t F ig u r e 6. Length of pollen tubes in P rim ula obconica, 24 hr. after pollination, showing the different effect of temperature on legitim ate (compatible) and illegitimate (incompatib e) tubes. A difference in growth between reciprocal pollinations is also shown. rum po en grows faster than pin pollen in legitim ate pollinations, slower in illegitimate.
legitim ate illegitimate -----o-----pin x thrum ------0 P^n se^e<-----. -----thrum x pin ------•------thrum selfed
temperature at the time of pollen-tube growth. In this point too there is agreement with Oenothera. Two points from the results in Primula although not directly con nected with the main object of the experiment, are worth noting: (1) Despite the fact that the pin style is twice as long as the thrum style, legitimate pollen tubes take approximately the same time to reach the ovary. In other words, thrum pollen grows twice as fast as pin in legitimate pollinations. (2) Thrum pollen grows at nearly half the speed of pin pollen in illegitimate pollinations (figure 7). The fact that thrum pollen is more inhibited than pin pollen in illegitimate matings, despite the more vigorous growth of thrum pollen, is probably brought about by natural selection. As the thrum style is only half as long as the pin, the thrum pollen must be twice as strongly inhibited to give the same security against self-fertilization.
. P r i m u l a s i n e n s i s
Primula sinensis is heterostyled in a similar way to P. obconica, but illegitimate matings, though less fertile than legitimate, are not completely sterile. This degree of illegitimate sterility seems to be an adaptation to the optimum amount of outbreeding, and it has been possible to change the degree of sterility by selection (Mather & de Winton 1941) . It is of interest therefore to determine whether this reduced fertility is due to an inhibition of pollen-tube growth similar to but weaker than that in P. obconica.
The effect of temperature on pollen-tube growth in legitimate matings is strikingly different in the two crosses (figure 8). In pin x thrum, the optimum temperature is not clearly defined; in one pollination it is 20° C, in another 25° C and in a third 30° C. Also there is not a rapid fall in the growth rate at tempera tures above the optimum. In thrum x pin there is a very definite optimum tem perature at about 20° C. These differences are remarkable; the pin x thrum case is somewhat similar to compatible pollination curves in other plants except that the D. Lewis increased rate of growth at temperatures above 20° C seems to be offset by in tolerance of the plant to high temperatures. The thrum x pin curve is quite unlike any compatible curve in other plants and is more like the curve for incompatible tubes. The effect of temperature on pollen-tube growth in illegitimate matings is very similar to that in P. obconica, the optimum temperature being 20° C f tions (figure 9). Comparing the mean pollen-tube growth of all legitimate and illegitimate pollinations at optimum temperatures after 18 hr., there is considerable difference as shown below: The thrum pollen grows faster than pin pollen in legitimate matings, pin faster than thrum in illegitimate matings, as in P. obconica. However, if the growth rate of pin pollen on pin style is compared with that on a thrum style, it is found that the pin pollen actually grows faster on its own type style. Thus it would appear that there is no physiological inhibitory action between pin pollen and pin style. But there is an inhibition of thrum pollen on a thrum style. This gives some informa tion on the mode of evolution of the physiological bar to fertilization in illegitimate matings. Pin pollen is less vigorous than thrum, as shown by comparisons of the two legitimate pollinations. The pin pollen is adapted for growing down a short style; consequently even without a physiological inhibitory mechanism it is not efficient as a pollinator in its own style, which is long. This inefficiency alone affords some degree of incompatibility, as in P. sinensis.
The thrum pollen, on the other hand, being adapted to grow down a long style, must be physiologically inhibited to give even the slightest degree of infertility on its own style. Any further development towards complete sterility of illegitimate matings will require the inhibitory mechanism in pin x pin matings and a strengthening of this mechanism in thrum x thrum matings, as in P.
The adaptation for growing down a long style is brought about by the larger size of thrum pollen in most heterostyled plants. In the heterostyled Linum grandiflorum, which has pollen of one size, the adaptation, I find, is brought about by the higher osmotic pressure of the thrum pollen.
. T h e n a t u r e o f t h e i n c o m p a t i b i l i t y r e a c t i o n
The extremely specific nature of self-incompatibility in plants has led to the conclusion that the inhibition of pollen tubes through incompatibility is due to a reaction of the immunity type (East 1929; Sears 1937) -If this view is correct, incompatibility is due to the immunity reaction of specific proteins or polysac charides. This is, indeed, the only plausible explanation in view of the large number of different incompatibility allelomorphs present in some plants (45 in Oenothera organensis (Emerson 1940) , cf. Trifolium pratense (Williams 1939)). The effect of temperature on pollen-tube growth gives further evidence. The rate of incompatibletube growth is slowed down by high temperatures. This can be interpreted as evidence for increased precipitation of the specific proteins at higher temperatures. This is known to be the case in animal sera (cf. Marrack 1938) .
Furthermore, in no plants tested is there evidence for a particular ' zone ' in the style in which the reaction takes place. The reaction is a mutual one between the tube and all the tissue of the style in the plants tested.
Plants with self-incompatibility of the S type demand great variation and specificity of reaction, whereas distylic plants such as Primula species need only two different reactions. Such limited variation could be met by osmotic pressure or pH differences in the styles and pollen grains. Therefore it might be expected that all self-incompatible species of the S system will have an immunity reaction, while in distylic plants other mechanisms may be found as well. However, in the case of Primula obconica and P. sinensis there seems to be little doubt that the mechanism is of the immunity type, since the temperature effect is the same as in Oenothera and Prunus. In Linum grandiflorum, on the other hand, which is likewise distylic, no effect of temperature could be found on the rate of incompatible pollentube growth, and the mechanism is probably one of osmotic pressure differences. However, a lack of response to temperature is not an infallible criterion of the type of reaction, because, as in certain genotypes of Oenothera, this may be so strong even at low temperatures that its further increase will not effect pollen-tube growth.
